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ALCOHOL USE AND INCIDENCE OF PERIODONTITIS – A FOUR-YEAR
LONGITUDINAL STUDY
The aim of this study was to investigate whether alcohol use (quantity, frequency, and over
the risk limit) is a determinant of infectious periodontal disease development in a
longitudinal setting.
The study included 195 subjects who participated in both the Health 2000 Survey and the
Follow-up Study on Finnish Adult’s Oral Health and who did not have any deepened
periodontal pockets at baseline. They were aged 30 years or older, non-diabetics, non-
smokers, and who did not have rheumatoid arthritis. The extent of periodontal infection
was clinically assessed by means of counting the number of teeth with deepened
periodontal pockets  4 mm over a four-year period and measuring alcohol use in terms of
quantity (gram/week), frequency, and over the risk limit intake by means of a
questionnaire. Associations between alcohol use and the extent of periodontal disease were
analyzed using Poisson and negative binomial regression.
Of the participants, 68% developed a pocket depth of  4 mm in at least one tooth after the
follow-up. The mean number of teeth with periodontal pockets was 4.75 (SD=3.6).
Overall,  alcohol  use  did  not  associate  with  periodontal  disease  development.  In  the
adjusted Poisson regression analyses, more frequent and high (gram/week) alcohol use was
inversely associated with periodontal pocketing, whereas alcohol use over the risk limit
slightly increased the risk for pocketing. When alcohol use (gram/week) was categorized,
the lowest IRR’s were seen among the light drinkers when compared to non-drinkers
depicting a more or less ‘U-shaped curve’. However, these associations were not
statistically significant. According to binomial regression analysis, associations were
parallel, but none of them were significant.
The results of this study revealed that alcohol use in general does not associate with
increased risk of infectious periodontal disease. This contradicts some of the previous
research; further longitudinal and interventional studies are needed to explore the
association.
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ABBREVIATIONS
AUDIT í Alcohol use disorders identification test
BAC í Blood alcohol concentration
BMI – Body mass index
CAGE – Cutting down, annoyance by criticism, guilty feeling, and eye-openers
CAL – Clinical attachment loss
CI – Confidence interval
CPI – Community periodontal index
DM – Diabetes mellitus
DSM – Diagnostic and statistical manual of mental disorders
FDI – World Dental Federation
IADR – International Association for Dental Research
IHO í Index of Oral Hygiene
IL – Interleukin
IRR – Incidence rate ratio
MMP – Matrix metalloproteinase
OR – Odds ratio
PI – Plaque Index
PPD – Probing Pocket Depth
RCB í Red complex bacteria
SD – Standard deviation
THL – National Institute for Health and Welfare
TNF – Tumor necrosis factor
WBC í White blood cell
WHO – World Health Organization
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1. INTRODUCTION
Studies on alcohol use have gained prominence in the past few decades in the context of
several diseases due to the ongoing debate about its risks and benefits to human health.
Alcohol use is considered as one of the major risk factors for a number of diseases,
disability and death. It causes more than 200 diseases and injuries, and it is considered as a
necessary cause for about 30 diseases (World Health Organization 2014). It is estimated
that alcohol eventually accounts for around 3.3 million deaths each year. In addition,
alcohol use is related to social and economic losses in societies. Negative effects of alcohol
use have led to the World Health Organization’s (WHO) global strategy for reducing the
harmful use of alcohol by 2025. This strategy defines “harmful use” as drinking that causes
detrimental health and social consequences for the drinker, the people around the drinker
and society at large; it also points to the patterns of drinking that are associated with
increased risk of adverse health outcomes (World Health Organization 2014). The
European region accounts for the largest amount of alcohol consumption worldwide;
within the Scandinavian region, Finland is one of the countries with high alcohol
consumption (World Health Organization 2014).
The link between alcohol and health has been shown in several past studies. In addition to
general health, alcohol has also been associated with oral health, and specifically
periodontitis, which is one of the commonest oral diseases with a high global burden. This
is owing to its multiple risk factors, its relation with many systemic disorders, and its
chronic and insidious nature (Marcenes et al. 2013). Periodontitis affects more than 30% of
people worldwide; it also increases the risk of diabetes (Borgnakke et al. 2013),
cardiovascular diseases (Dietrich et al. 2013) and the immune system impairment
(Maekawa et al. 2014). Thus it has an impact on the quality of life in general (Hugoson &
Norderyd 2008). The hallmarks of periodontitis are gingival inflammation, pocket
formation, alveolar bone loss, and eventually tooth loss.
Despite innumerable attempts to explore the causes and risk factors, studies have showed
no major reduction in its prevalence over the years. In recent years, the elderly population
has increased in numbers due to the change in the age structure in western countries. The
longer retention of teeth in this population increases a number of oral diseases including
periodontitis. The representatives of the World Dental Federation (FDI), the World Health
Organization, and the International Association for Dental Research (IADR) met to decide
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the Global Goals for Oral Health 2020 for health policy makers worldwide. Reduction in
periodontal diseases was one of these goals (Hobdell et al. 2003).
Over the years, many studies have investigated the link between alcohol use and oral
health (Novacek et al. 1995, Sakki et al. 1995, Shizukuishi et al. 1998, Tezal et al. 2001,
2004, Torrungruang et al. 2005). These studies have yielded contradictory results about
alcohol use and periodontitis association with some showing positive results (Novacek et
al. 1995, Sakki et al. 1995, Shizukuishi et al. 1998, Enberg et al. 2001, Tezal et al. 2001,
2004, Pitiphat et al. 2003, Nishida et al. 2004, Shimazaki et al. 2005, Khocht et al. 2009)
while others report no association (Torrungruang et al. 2005, Bouchard et al. 2006, Jansson
2008). Alcohol use has also been reported to be associated with caries, plaque
accumulation and gingival inflammation (Araujo et al. 2004), and tooth loss (Copeland et
al. 2004). These contradictory results can at least be attributed to lack of methodological
vigor (study design, sample size, varied definitions of periodontitis, alcohol assessment
measures and residual confounding) and it is difficult to draw conclusions about the
association based on evidence available (Amaral et al. 2009). It is worth noting that most
of these studies showing a positive relation are cross-sectional studies.
To date, there is a lack of longitudinal studies. Moreover, the measurement of alcohol use
needs to be improved. Most published studies have investigated the association of amount
of  alcohol  use  with  periodontitis  whereas  the  frequency  of  alcohol  use  and  over  the  risk
limit intake have less often been studied. Thus, the purpose of this study was to investigate
the association between alcohol use (quantity, frequency, and over the risk limit) and the
development of periodontal disease.
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2. LITERATURE REVIEW
2.1 Periodontitis
2.1.1 Definition
Periodontitis is a multifactorial inflammatory disease with an infectious origin, which leads
to the breakdown of the supporting structures of the tooth (Pihlstrom et al.2005). The
clinical presentation includes gingival inflammation, clinical attachment loss (CAL),
alveolar bone loss, periodontal pocket formation, tooth mobility and pathological migration
(Armitage 2003). Periodontitis and its consequences also affect chewing, speech,
aesthetics, psychological health, and the overall quality of life.
2.1.2 Pathogenesis
The destruction during the development and progression of periodontal diseases is the
result of an immune response (Baker 2000) to the sub-gingival colonization of
predominantly gram-negative bacteria (Socransky & Haffajee 1992). The three most
important pathogens that are known to cause periodontitis are Treponema denticola,
Tannerella forsythia and Porphyromonas gingivalis, together known as red complex
bacteria (RCB) (Socransky et al. 1998, Buonavoglia et al. 2013).
There are several other factors involved in the pathogenesis of periodontitis such as local,
behavioral, systemic risk, and genetic factors (Figure 1). Alcohol consumption is
considered  to  be  a  behavioral  risk  factor.  It  is  thought  that  alcohol  use  leads  to  the
destruction of connective tissue and bone (periodontitis) by modulating the immune
responses or modifying plaque composition, which are known as key factors in the
development of  periodontitis (Bouchard et al. 2006).
It has been reported that periodontitis patients have higher concentrations of cytokines such
as IL-1ȕ (Fitzsimmons et al. 2010) and TNF-Į (Beklen et al. 2007) than periodontally
healthy subjects. In addition to these cytokines, there are several other factors involved in
the pathogenesis of periodontitis such as adhesion molecules, chemokines,
cyclooxygenase-2, inducible nitric oxide synthase, and other proteolytic enzymes (Barros
& Offenbacher 2014). Periodontal destruction occurs as a result of the enhancement of
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metalloproteinase activity due to the elevated levels of serum cytokines (Raghava et al.
2013). Interleukin (IL-1ȕ) and tumor necrosis factor (TNF-Į) play a role in bone loss and
connective tissue degradation by inducting matrix metalloproteinase (MMP) (Beklen et al.
2007).
Figure 1: Pathogenesis of Periodontitis (modified from (Page & Kornman 1997, Kornman
2008).
2.1.3 Measurement of periodontal condition
In oral epidemiology, bleeding on probing, periodontal pocket depth, gingival recession,
clinical attachment loss, bacteria load, and x-rays showing marginal bone loss are used to
describe the current periodontal status and periodontitis progression (Albandar & Rams
2002, Albandar 2007, Page & Eke 2007, Eke et al. 2012). The use of clinical attachment
loss and pocket depth in assessing the prevalence and incidence of periodontitis at
population level changed the past notion that periodontitis is universal; then it was assessed
based on gingival inflammation (Genco & Borgnakke 2013). A recent review defined
periodontitis  with  a  minimum  diagnostic  threshold  at  a  given  site:  2  mm  in  terms  of
clinical attachment loss (CAL) and 3 mm in terms of probing pocket depth (PPD) (Savage
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et al. 2009). It is not feasible to use all these parameters simultaneously; therefore, various
indices have been developed. One of the first was Russell’s periodontal index in the 1950’s
(Figure 2). This index was based on gingival inflammation but it did not consider
periodontal pocket depth. On the contrary, Ramfjord presented the Periodontal Disease
Index, which takes into account both the gingival inflammation and the clinical attachment
loss. In 1981, a modified model of Russell’s periodontal index was used by the National
Health Examination considering the pocket depth (Figure 3) (Page, Eke 2007).
Figure 2: Russell’s Periodontal Index, Individual periodontal index score (Newman et al.
2011).
0
1
2
3
4
5
6
Absence of inflammation
Mild to moderate inflammation, gingival changes not extending all around the
tooth
Mild to moderately severe gingivitis, extending all around the tooth
Severe gingivitis, characterized by marked redness, tendency to bleed and
ulcerate
Gingival crevice in any of the measured areas, extending apical to the CEJ, but
not more than 3mm
Gingival crevice in any of the measured areas of the tooth 3-6mm apical to the
CEJ
Gingival crevice in any of the measured areas more that 6mm apical to the CEJ
Figure 3: Periodontal Disease Index: Score Criteria (Newman et al. 2011).
2.1.4 Epidemiology of periodontitis
Globally, the prevalence of periodontitis ranges between 20% and 50% (Albandar & Rams
2002). The prevalence varies due to the lack of uniformity of the definitions used (Eke &
Genco 2007) and variation in risk factors. The severe periodontitis has been reported in
less than 10% of the population in both the United States of America and Europe (Hugoson
& Norderyd 2008).
Clinically normal supportive tissues                                0   í 0.2
Simple gingivitis                                                              0.3 í 0.9
Beginning of destructive periodontal disease                  1.0 í 1.9
Established destructive periodontal disease                     2.0 í 4.9
Terminal disease                                                               5.0 í 8.0
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The Health 2000 Survey in Finland reported periodontitis as common oral disease in
adults; 64% of the population had developed periodontal pockets of 4 mm or more, and
21% of the population had developed deep periodontal pockets of 6 mm or more.  The
prevalence was higher among males. Periodontal health has improved in Finland, as the
proportion of those subjects who had deepened periodontal pockets decreased from 77% in
the 1980’s to 64% in 2000. In the Health 2000 Survey, 72% of the males and 57% of the
females developed periodontal pockets > 4mm. The middle aged group (30í34) registered
a significant decrease; whereas no decrease was observed in the elderly (Suominen-Taipale
et al. 2008). In the Health 2011 Survey, the prevalence of periodontal pocketing ( 4 mm)
in those aged > 30 slightly decreased to 70% in males and 55.6% in females (Koskinen et
al. 2012).
2.1.5 Risk factors for Periodontitis
Until the end of the 1970’s, periodontitis was considered to occur equally in all adult age
groups. However, in the early 1980’s researchers started to focus on various intrinsic and
acquired risk factors for periodontitis. This was followed by the idea of high risk groups
and the concept of susceptibility (Baelum & López 2013).
Numerous epidemiological studies are in agreement with the potential risk factors for
periodontitis stated in the Erie County studies; these factors are age, male gender,
education, diabetes mellitus, subgingival infection (Grossi et al. 1995, Grossi et al. 1994).
Further, Genco & Borgnakke (2013) in their review also stated that old age, male gender,
smoking, diabetes, obesity, osteoporosis in postmenopausal women, and possibly genetic
factors are relevant risks. It was also concluded that periodontitis risk in those aged 35
years or more is higher in the less educated than highly educated.
Sheiham and Watt (2000) suggest that the common risk factors such as smoking, alcohol
intake, stress, diet and others are associated with chronic diseases including oral diseases
(such as periodontitis). They also recommended that the oral health promotion programs
should focus on control of these risk factor.
A considerable number of studies have investigated the association of lifestyle factors
(such as smoking, alcohol,  stress and others) with periodontitis.  It  has been reported that
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smoking increases periodontitis risk (Grossi et al. 1994, Grossi et al. 1995, Genco &
Borgnakke 2013) and the relation of smoking to periodontitis is dose-dependent (Grossi et
al. 1994, Grossi et al. 1995, Han et al. 2012). It has also been shown that smoking hampers
bone regeneration following periodontal therapy (Patel et al. 2012). Possible mechanisms
can be the presence of pathogens, vasoconstriction, hampered neutrophil function, raised
T-cell count, and impaired periodontal healing (Heasman et al. 2006). Stress and
depression also contribute to the progression of periodontitis (Warren et al. 2014).
In addition to lifestyle factors, systemic disorders such as diabetes have been reported as a
risk factor for periodontitis (Chávarry et al. 2009). The risk of periodontal disease is higher
in rheumatoid arthritis (RA) patients as revealed in a recent systematic review (Kaur et al.
2013), but the studies included were case-control ones and the sample sizes were relatively
small. It is thought that obesity also increases the risk of periodontitis (Chaffee & Weston
2010, Suvan et al. 2011).
2.2 Alcohol use as a risk factor
2.2.1 Definition
Alcohol is a psychoactive substance causing detrimental health, social and economic
effects.   As per DSM IV, alcohol abuse is  a pattern of drinking which results in harm to
one’s health, interpersonal relationships, or ability to work (American Psychiatric
Association 1994). Prolonged alcohol abuse may result in alcohol dependence (also called
alcohol addiction or alcoholism), which is a chronic disease featuring strong craving for
alcohol, continued use despite repeated physical, psychological, or interpersonal problems
and the inability to limit drinking (American Psychiatric Association 1994). The latest
DSM V has combined alcohol use and alcohol dependence into a single entity (Dawson et
al. 2013).
Binge drinking is defined as a pattern of alcohol intake which causes blood alcohol
concentration (BAC) levels of 0.08% or more.  The pattern corresponds to four or more
drinks in women and five or more drinks in men during a single occasion, generally within
two hours (National Institute of Alcohol Abuse and Alcoholism 2004).
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2.2.2 Measurement
On the population level, two major measurements are alcohol per capita consumption in
liters of pure alcohol per year and alcohol consumption in grams of pure alcohol per person
per day.  In 2010, the yearly average pure alcohol intake globally was 6.2 liters in
individuals above 15 years. About 15% of the world population above 15 years resides in
the European region, accounting for around 25% of the total global alcohol consumption
(World Health Organization 2014). In the European region, the most commonly used
beverages are beer, wine, and spirits. The drinking traditions in Finland include non-daily
drinking and irregular binge drinking on occasions (Popova et al. 2007).
Past studies focusing on  the association between alcohol use and periodontitis have used
different measures of alcohol intake such as intake (grams per day with different cut-off
points), number of drinks per day or week, drinking pattern (daily or not daily), frequency
of intake, type of beverage (whisky, beer, wine and liquor) (Amaral et al. 2009). The effect
of alcohol on health depends on the quantity of intake,  frequency of use,  and type of the
beverage. The alcohol intake increases the risk of adverse health outcomes in a dose-
response manner (Rehm et al. 2010). Also, the pattern of drinking has been shown to
increase the risk of chronic diseases and affect the course of a disease (Rehm et al. 2003).
The measurement of alcohol dependence is prone to information bias but is minimized by
the use of cut-down, annoyed, guilty, eye-opener (CAGE) and alcohol use disorders
identification test questionnaires (AUDIT). The blood level of gamma glutamyl
transpeptidase (GGTP) is the best marker, whereas CAGE and AUDIT are considered as
better screening tests due to the high specificity and sensitivity when compared with other
markers and tests (Gul et al. 2005).
2.2.3 Alcohol and health outcomes
Alcohol use has both immediate and long-term effects. The immediate effects include
unintentional injuries, violence, still births, poisoning leading to loss of consciousness, low
blood pressure and body temperature, coma, respiratory depression, or death (Sanap &
Chapman 2003). Long-term effects include neurological problems (dementia, stroke and
neuropathy) (Corrao et al. 2004), and cardiovascular problems (myocardial infarction,
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cardiomyopathy, atrial fibrillation, and hypertension) (Rehm  et  al.  2002).  Others  are
psychiatric problems (depression, anxiety, and suicide) (Castaneda et al. 1998), social
problems (unemployment, lost productivity, and family problems), and cancers (mouth,
throat, esophagus, liver, colon, and breast) (Baan et al. 2007). And still others are liver
diseases (alcoholic hepatitis and cirrhosis), and gastrointestinal problems (pancreatitis and
gastritis). The relationship of alcohol and total mortality has been described by the J-
shaped or U-shaped curves (Plunk et al. 2013).
2.2.4 Alcohol effects on oral health
Alcohol is considered as one of the independent modifiable risk factors for periodontitis
(Pitiphat et al. 2003). Alcohol has been reported to contribute to tooth loss, periodontal
diseases, caries and cancers (Enberg et al. 2001). Alcoholics are more prone to have a
number of oral health problems such as gingival infection, increased pocket depth and loss
of attachment, oropharynx cancer, caries, and tooth loss, for example. (Shizukuishi et al.
1998, Tezal et al. 2001).
The adverse effects on periodontal health have been reported in numerous studies. Earlier
studies have reported that the development and severity of periodontitis in alcohol-induced
cirrhosis patients was linked to poor oral hygiene and poor dental care (Movin 1981,
Novacek et al. 1995) . In contrast, the prevalence of periodontitis was reported to be higher
in chronic alcoholics with liver cirrhosis due to alcohol intake itself (Raghava et al. 2013).
It is important to highlight those prior studies; both cross-sectional and longitudinal have
reported conflicting results. Some have reported a positive relation (Novacek et al. 1995,
Sakki et al. 1995, Shizukuishi et al. 1998, Enberg et al. 2001, Tezal et al. 2001, 2004,
Pitiphat et al. 2003, Nishida et al. 2004, Shimazaki et al. 2005, Khocht et al. 2009)  while
others revealed no association (Torrungruang et al. 2005, Bouchard et al. 2006, Jansson
2008). (Table-1 & Table-2).
Amaral et al. (2009) performed a systematic review of the association between alcohol use
and periodontitis. They concluded that uncertainty prevails about the association in the
light of the varied measures of alcohol and periodontitis. They recommended further
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longitudinal studies with better exposure assessment, diagnostics, confounders and
outcome assessment tools.
Table 1: Longitudinal studies investigating the association between alcohol use and
periodontitis.
AUTHOR´S
NAME
DESCRIPTION OF
STUDY SUBJECTS
EXPOSURE
ASSESSMENT
OUTCOME
ASSESSMENT
CONFOUNDERS RESULTS
Jansson (2008) N = 477;  female: 252,
male: 225;  Mean  age:
54.9+12 years;
<5cl alcohol
consumption per day,
>>5cl alcohol
consumption per day.
Longitudinal bone
loss, Bleeding index;
Plaque index Calculus
index
Age, gender, smoking.
decayed teeth, dental visits,
education level, diabetes,
coronary heart disease
No association
found
Okamoto et al.
(2006)
N = 1332;    male: 1332;
Mean age: 43.5+6.4
years;
Non-drinkers
(including ex-drinkers),
Occasional drinkers
( consuming <20 g of
alcohol per day ),
Regular drinkers
(consuming >20 g of
alcohol per day )
CPI scores :CPI based
on PPD >4mm
Age, smoking <20 g of alcoholÆ
OR: 0.9 (0.7–1.2);
>20 g of alcoholÆ
OR: 1.05 (0.7–1.5)
Pitiphat et al.
(2003)
N = 39,432;
male: 39,432
Age Range:
 40–75 years;
FFQ, alcohol
consumption(g/day),
type of beverage
question about
periodontal disease
Smoking, BMI, physical
activity, DM, total calories,
deceased periodontitis
Alcohol intake of
0.1–4.9 g/day; OR:
1.2 (1.1–1.4), 5.0–
14.9 g/day OR:1.2
(1.0–1.4), 15–29.9
g/day OR: 1.2 (1.0–
1.4), >30 g/day
OR: 1.3 (1.1–1.5)
Ogawa et al.
(2002)
N = 436;   female: 202,
male: 234;
Age : 70 years;
alcohol drinking habits:
daily and not daily
CAL; CAL < 6 mm;
CAL > 6mm
Gender, smoking, missing
teeth, visit dentist regularly,
feel need for treatment,
recent visit dentist in a year,
use of floss, use of a
interdental brush, brushing
frequently, blood pressures
levels, liver agents,
immunoglobulin’s, lip
factors ,nutrition
No significant
correlation found
between further
attachment loss and
alcohol
consumption.
Novaceck et al.
(1995)
N = 236;
female:72,
male: 164;
Age range:
21–60 years;
Histological criteria or
liver biopsy , clinical
serological, laboratorial
findings
CAL, IHO; Alcohol g/day, smoking,
dietary habits, dental
hygiene, last dental
examination, education.
Measures of oral
hygiene     p < 0.01,
dental care      p <
0.001 and
periodontal
condition worse and
the number of teeth
requiring treatment
(p < 0.001) was
higher in alcoholics
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Table 2: Cross-sectional studies investigating the association between alcohol use and
periodontitis.
AUTHOR´S NAME  DESCRIPTION OF
STUDY SUBJECTS
EXPOSURE
ASSESSMENT
OUTCOME
ASSESSMENT
CONFOUNDERS RESULTS
Kim et al. (2014) N =5,291
Female :2409
Male :2882
Age group: more than
19 years
Mean age : 39.13
years
AUDIT Community Periodontal
Index (CPI)
Gender, age, household
income,  educational
level, daily frequency of
tooth brushing ,use of
dental floss or interdental
brush, the number of
decayed teeth, current
smoking
status(Nonsmokers,
current smoker, past
smokers), diabetes and
obesity.
Higher CPI: (OR:
1.16; 95% CI: 0.97-
1.38).
Higher CPI
significant in men
(OR: 1.3; 95% CI: 1.0
- 1.6) and non-
smokers (OR: 1.3;
95 % CI: 1.1–1.6).
Lages et al. (2012) N= 542
Female :292
Male : 250
Age range: 35–55
years of age
Mean age : 47.3 ± 5.7
(1) (NA) –AUDIT =
0; CAGE = 0,
 (2) (MA) –AUDIT
8; CAGE = 0,
 (3) (IA) – AUDIT 8
; CAGE 1
(4) DA – AUDIT >8;
CAGE 2.
PD 4 mm, CAL  3
mm, BOP
:present/absent, lost
teeth ,plaque index
Gender, age, plaque
index, BMI, diabetes,
educational level, family
income <5 Brazilian
minimum salary,
cohabitation status and
last dental visit
 Non-Smokers:
alcohol use (MA
group: OR = 1.2, CI
1.0–1.6; IA group:
OR = 2.2, CI 1.0–2.2;
DA group: OR = 3.0,
CI 1.5–6.0)
Kongstad et al.
(2008)
N= 1521
female:817, male:704;
Women: 52.8 years.
Men: 54.7 years.
Age range:
20-95 years
Alcohol weekly
intake :< 1,
(1–6: women ,
1–13 : men);
 (7–13: women ,
14–20 :men);
(14–20 :women ,
 21–34 :men);
 ( 21: women,
35: men).
Type-specific alcohol
drinks/ week: <1, 1–
5, 6–10 and >10
women and <1, 1–6,
7–14 and >14: men
for beer, wine and
spirits, respectively.
 12 g of alcohol –one
Danish drink
Mean CAL : based on
75 percentile
(<3mm and 3 mm),
 BOP score : <25% and
25%.
Age; Smoking status:
amount, type of tobacco
smoked, daily
consumption, pack years;
education, income,
physical activity, BMI,
diabetes, number of
teeth, plaque score.
For mean CAL 3
mm ; men consuming
21–34 (OR=0.5,
95%CI  - 0.3–1.0) and
35+ drinks/week
(OR=0.3, 95% CI -
0.2–0.8)
Amaral et al. (2008) N = 98;
male: 98;
Age range:
30–60 years;
CAGE CAL, PPD, VP, BOP;
CAL<4mm;  CAL
>4mm
Smoking, plaque, age,
income, education, living
conditions
Mean CAL       p
<0.013;   Mean PPD
p < 0.01
Bouchard et al. (2006) N = 2132; Alcohol use CAL, PPD, PI, GBI; Age, gender, height, CAL > 5 mm;
irrespective of the
presence of
cirrhosis.
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female:253, male: 224;
Age range:
35–65 years;
measured in (g/day)
with a conversion
table (one drink not
clearly defined):
non-drinkers,
occasional drinkers,
regular drinkers.
CAL:1–2mm; CAL :3–
5 mm; CAL >5mm
BMI, SES, teeth,
decayed, GBI, dental
visits, smoking, alcohol
intake, SBP, DBP,
Glucose tolerance,
hypertensive, cholesterol
occasional drinkers
OR: 1.0 ,
Non-drinkers /regular
drinkers    OR: 1.6
(1.2–2.2); p<0.001
Torrungruang et al.
(2005)
N = 2005;
female: 513,
male: 1492;
Mean age:
60+5 years;
Age range:
50–73 years;
(Drinkers defined as
a person who
consumed any type of
alcoholic beverage at
least 12 drinks in 1
year period)
Non-drinkers, former
drinkers, current
drinkers (g/day)
CAL, PPD, PI, supra-
plaque
CAL < 2.5 mm;
CALÆ2.5–3.9 mm;
CAL >4mm
Age, gender, education
level, income, smoking,
DM, BMI, WC, PI
No association found.
Shimazaki et al.
(2005)
N= 961;
female:583,
male: 378;
Age range:
40–79 years;
Non-drinker = 0
g/day ,       Light
drinker = 0.1–14.9
g/day, Moderate
drinker = 15–29.9
g/day, Heavy drinker
_30 g/day; kind of
amount of beverage
PPD, CAL, PI;     4
categories PPD > 4 mm,
4 categories CAL >5.
Alcohol consumption,
smoking, GT, age,
number of teeth, gender,
PI
Low and mid PPD
were not significant,
High PPD was
significant;   15–29.9
(g/day) alcoholÆ
OR: 2.7 (1.1– 6.6);
 >30 (g/day) alcohol
Æ OR: 2.5 (1.1–5.7)
Nishida et al. (2004) N = 372;
female: 82,
male: 290;
Mean age:
 40.5+1.1 years;
Age range:
20–59 years;
Alcohol consumption
g/day  (drinking
frequency, mean
amounts of alcohol
consumption per
occasion)  and kind
of alcoholic
beverage.(beer, sake,
wine, whisky, shochu
and  others )
PPD; 20th percentile of
the % of sites PPD
>3.5mm
Age, gender, BMI,
smoking, frequency of
tooth brushing/day,
alcohol consumption
<33 g/day OR: 1.0;
>33 g/day OR: 2.0
(1.0-3.8);p = 0.0037
Tezal et al. (2004) N = 13198;
female: 6716,
male: 6007;
Mean age:
43+19 years;
Number of drinks in
the past 12 months (
not clearly defined )
CAL, PPD, GBI; CAL
< 1.5 mm; CAL
>1.5mm
Age, smoking, gender,
race, education, income,
DM, remaining teeth,
GBI
CAL  for  5 drinks;
OR:1.22 (1.0–1.5); 10
drinks  OR:1.4 (1.1–
1.7); 15 drinks
OR:1.5 (1.2–1.9); 20
drinks  OR:1.7 (1.3–
2.2)
Khocht et al. (2003) N = 65;
female:32,
male: 33;
Age range:
30–60 years;
DSM-IIIR, blood
alcohol levels, GGT
blood levels
CAL, PPD, GBI, PI;
>1site with CAL >5mm
Age, gender, smoking ,
blood alcohol level, years
since dependence
AL greater in
alcoholics than non-
alcoholics.
Tezal et al. (2001) N = 1371;
female: 710,
male: 661;
Mean age:
 49+14 years;
Age range:
25–74 years;
Number of
drinks/week  (one
drink = 12 ounces of
beer, 4 ounces of
wine, 1 ounce of hard
liquor)
CAL, PPD, GB supra-
plaque, calculus, ABL;
CAL  0–1 mm; CAL
1.1–2 mm; CAL 2.1–3
mm; CAL 3.1–4 mm;
CAL   >4mm
Education, income,
smoking, age, PI, gender,
race, DM, allergy, sub-
gingival microorganisms.
>5drinks/week;
OR:1.4 (1.0–1.8);
>10drinks/week;
OR:1.4 (1.0–2.0)
Enberg et al. (2001) N = 138
female: 45, male: 93;
DSM-IV, ICD-10,
AUDIT
Panoramic XR Marital status, living
conditions, professional
Alcoholics had poor
dental health which
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Mean age :
46.8+7.7 years;
Age range:
30–74 years ;
education, employment,
longest period in the
same job, time since last
dental examination,
previous alcohol
consumption, previous
alcohol treatment
may be due to their
social situation or the
inadequate preventive
measures.
Shizukuishi at al.
(1998)
N= 310;
female: 58,
male: 252;
Mean age :
38.7+11 years;
Age range:
 20–59 years;
amount of alcohol
consumed/day: every
day and not every
day
Calculus, GB, PPD-CPI,
CPI scores
Age, smoking ,use of
inter-dental cleaners
Alcohol consumption
every day/not every
day; OR: 1.5 (0.9–
2.8)
Sakki et al. (1995) N = 527;
female:261, male: 266;
Age: 55 years;
Number of alcohol
drinks
consumed in 2
weeks, what
drinks and how many
occasions
PPD;
PPD >3mm
Gender, dietary
habits, alcohol
consumption,
smoking, tooth brushing
frequency
Alcohol
consumption; 0/2
weeks  OR:1.0;
0–7/2 weeks
OR: 1.8(1.1–2.9);
7 or more/2 weeks
OR: 2.5 (1.4–4.5),
 p = 0.01
OR = odds ratio, CAL = clinical attachment level, PPD = probing pocket depth, PI = plaque index, GBI = gingival
bleeding index, SES = socioeconomic status, SBP = systolic blood pressure, DBP = diastolic blood pressure, GT =
glucose tolerance, DM = Diabetes Mellitus, BMI = body mass index, WC = waist circumference, IHO = index of oral
hygiene, and GGT = gamma glutamyl transferase.
2.2.5 Potential explanations for linking alcohol use with periodontitis
Several plausible mechanisms have been proposed to explain the role of alcohol use as a
risk factor for periodontitis (Tezal et al. 2001, Pitiphat et al. 2003). Amaral et al. (2011)
reported that alcoholics have higher levels of periodontopathic species in the subgingival
microbiota than non-alcoholics. It has been proposed that alcohol use disrupts the host
defense by impairing the neutrophil function, which in turn may lead to bacterial
colonization conducive for periodontal destruction (Szabo 1997, Szabo 1999). Alcohol use
affects the neutrophil, macrophage and T-cell functions. Further, it is thought that long-
term excessive alcohol use increases cytokine production (Szabo 1999) and makes the
body prone to infections (Amaral et al. 2008). A recent study among African American
males reported that excessive alcohol use impairs the bactericidal action of neutrophil and
that periodontitis risk increases in alcohol-dependent subjects with unimpaired neutrophil
function (Khocht 2013). The literature also suggests that long-term excessive ethanol
intake stimulates bone resorption and inhibits bone formation, thus having a direct toxic
effect on periodontal tissues. Moreover, alcohol intake has toxic effects on liver and
protein metabolism as well (Tezal et al. 2001).
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In the light of the present knowledge, further longitudinal studies are warranted for more
evidence about the association and the possible pathways explaining it.
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3. AIMS OF THE STUDY
3.1 Main aim
To investigate whether alcohol use is related to the development of periodontal disease in a
longitudinal setting.
3.2 Specific aims
The specific aims are to study:
¾ The  association  of  alcohol  use  in  terms  of  grams/week  and  the  incidence  of
periodontal disease measured by periodontal pocketing over a four-year period.
¾ The association of alcohol use frequency and the incidence of periodontal disease
measured by periodontal pocketing over a four-year period.
¾  The  association  of  alcohol  use  over  the  risk  limit  in  one  occasion  within  past  12
months and the incidence of periodontal disease measured by periodontal pocketing
over a four-year period.
3.3 Hypothesis
High and frequent alcohol use have an adverse effect on periodontal health.
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4. MATERIALS AND METHODS
4.1. Study population
4.1.1. The Health 2000 Survey
The  National  Institute  for  Health  and  Welfare  (THL)  [formerly  known  as  The  National
Public Health Institute of Finland (KTL)] conducted the nationally representative Health
2000 Survey in a sample of 8,028 Finnish adult subjects aged 30 years or older in 2000 and
2001. Information about the health and functional capacity of the Finnish adult population
was based on interviews conducted either in their homes or in an institution (n = 6,986), a
health examination undertaken at home or at an institution (n = 416) and a health
examination (n = 6,354) including clinical oral examination (n = 6,335) (Aromaa &
Koskinen  2004).  In  addition  to  these,  the  data  also  came  from  three  questionnaires,  a
radiographic examination and laboratory measurements. Questionnaire 1 included items
such as functional capacity, symptoms, use of time, leisure activities, sugar consumption
and alcohol use (Heistaro 2008).
All related forms are available from http://www.terveys2000.fi/lomakkeet/en/t2002en.pdf
4.1.2. The Follow-up Study on Finnish Adults’ Oral Health
A  series  of  population  studies  by  the  THL  and  Social  Insurance  Institution  of  Finland
evaluated the effects of the dental health care reforms implemented in Finland in 2001 and
2002. Data were gathered by means of postal questionnaires about self-rated oral health,
and the need and the use of dental care. A baseline survey was conducted in spring 2001
and repeated in autumn 2002 and in spring 2004 when the reforms were fully implemented
(Kiiskinen et al. 2005, Saxlin et al. 2012). Further, to investigate the effects on clinically
determined oral health, a follow-up study on Finnish Adults’ Oral Health was carried out
in 2004-2005. In this study, (n = 2000) subjects who underwent the clinical oral health
examination in the Health 2000 Survey were randomly selected (Suominen-Taipale 2005,
Saxlin et al. 2012).  Edentulous subjects, and for logistic reasons, those in public dental
service units (a total of less than fifteen subjects) were excluded. This resulted in the final
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sample (n = 1248); they were invited to a similar clinical oral examination as in the Health
2000 Survey. Of these, 84.9% participated during the follow-up examination (n = 1049).
The follow-up period was about 4 years (mean 1504 days; minimum 1327 days, maximum
1696 days).
4.2 Study participants
This study included those who participated in both the Health 2000 Survey and the Follow-
up Study on Finnish Adults, and who were non-diabetic, non-smokers and who did not
have rheumatoid arthritis. Smokers, diabetics, and subjects with rheumatoid arthritis were
excluded because of the complex interrelations of these risk factors with periodontitis.
After these exclusions, there were 195 subjects; complete data was available for 178
subjects (Figure 4). The baseline characteristics are presented for 195 subjects (Table 3, 4,
5 and 6).
Figure 4: Selection of participants for the present study.
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4.3 Measures
4.3.1 Outcome
The subjects underwent a similar clinical oral examination in both the baseline study and
the follow-up study, both of which included the examination of the condition of teeth and
the periodontium using a fibre-optic light (Novar), a fibre-optic headlamp (Tekmala Oy), a
letter scale, a mouth mirror and a WHO periodontal probe with a force of 20 g, in a
portable dental treatment unit (Dentronic Mini-Dent®, Planmeca Oy) with a portable chair
(Suominen-Taipale & Vehkalahti 2008). The Follow-up Study on Finnish Adults’ Oral
Health was carried out by one of the five calibrated dentists who conducted the oral health
examination in the Health 2000 Survey.
The periodontal condition was assessed by probing the periodontal pockets on all the four
surfaces of the teeth (distal angle and midpoint on the buccal side, midpoint on the lingual
side and mesial angle), and the deepest pocket depth was noted. The pocket depth was
measured in millimeters and thus categorized: no pathologically deepened periodontal
pocket, periodontal pocket with a depth of 4í5 mm and periodontal pocket with a depth of
6 mm or more.  Subjects with no teeth with deepened (4 mm or more deep) periodontal
pockets at the baseline were considered to be periodontally healthy. The kappa values for
inter-examiner reliability and intra-examiner reliability for the deepened periodontal
pockets was 0.41 and 0.83 respectively in the Health 2000 Survey (Knuuttila M &
Suominen-Taipale L 2008).
The outcome variable was the number of teeth with deepened (4 mm or more) periodontal
pockets registered at the follow-up examination among subjects who were periodontally
healthy during the baseline examination (Figure 5).
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Figure 5: Number of teeth with deepened periodontal pockets in 2004/2005 among subjects
who had no teeth with deepened periodontal pockets in the baseline examination in
2000/2001.
4.3.2 Alcohol use
The information regarding alcohol use was assessed during the baseline examination from
the questionnaire. This was based on a scale established for the Mini-Finland Survey, and
questions  were  used  from  earlier  Finnish  and  foreign  studies  on  alcohol  use.  The
questionnaire included items such as frequency of alcohol consumption, frequency of
intake  of  the  type  of  drink  (beer,  cider  and  others),  alcohol  consumption  (units)  per  day,
alcohol consumption during the past month in terms of bottles per week, and frequency
and quantities of wine and spirits consumption. Further, it included questions on maximum
amounts consumed on one occasion, frequency of hangovers, and service and treatment
obtained for alcohol problems (Heistaro 2008).
In this study, the amount of alcohol use gram/week, frequency of alcohol use and alcohol
use in terms of over the risk limit were used. The amount of alcohol use was used both as a
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continuous variable and as a categorical variable. The continuous variable was categorized
into four by creating three cut-off points with equal percentiles (0: non-drinkers,
0.1í15.88: light drinkers, 15.89í50.76: moderate drinkers, and >50.77: heavy drinkers).
Alcohol use in terms of frequency was used as a categorical variable with three categories:
none, seldom, often. Alcohol use in terms of over the risk limit (men was > 7 portions and
women was > 4 portions) was used as a categorical variable with 2 categories: no versus
yes. The largest amount of any alcohol intake (beer, wine, strong spirits or anything
containing  alcohol)  on  a  single  occasion  within  past  12  months  was  reported  in  terms  of
portions  [1  portion=one  bottle  (1/3  litres)  large  beer  or  a  glass  (12  cl)  of  mild  wine  or  a
glass (8 cl) of strong wine or a glass (4 cl) of spirits or other strong alcohol].
4.3.3 Covariates
Sociodemographic and socioeconomic factors included age, gender and education. Age
was treated as a continuous variable. The interviews yielded information about education;
this data was classified into three categories: basic (who did not complete high school and
those with no formal vocational qualification), intermediate (who had completed high
school or formal vocational education) and higher (university or polytechnic graduates).
Oral hygiene and behavioral factors included presence of dental plaque, dental attendance
pattern and tooth brushing frequency. The oral hygiene status was measured by the
presence of dental plaque measured by the modified Silness and Löe method (1964) during
the clinical examination. One surface on each of the three indicator teeth was checked to
measure the plaque (the buccal surface of the most posterior tooth on the upper right side,
the lingual surface of the most posterior tooth on the lower left side, and the buccal surface
of the left lower canine).  Each tooth was designated a score (no plaque, plaque on gingival
margins only, plaque also elsewhere). The tooth with the highest score indicated an
individual’s plaque status. At the time of clinical oral examination, the number of teeth was
counted, and it was used as an offset variable.
The information about dental behavioral variables such as dental attendance pattern and
tooth brushing frequency was retrieved from the interviews. The question was “Do you
usually go to a dentist?” and the options were: regularly for a check-up, only when you
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have toothache or some other trouble, and never. Answer options two and three were
combined, yielding two categories: regular checkups versus no. The tooth brushing
frequency question was “How often do you usually brush your teeth?” The options were:
more often than twice a day, twice a day, once a day, less frequently than every day, and
never. Answer options one and two as well as four and five were combined. This resulted
in three categories: twice a day or more, once a day and less frequently. Body mass index
(BMI) was used as continuous variable for statistical analysis, and the information for BMI
was obtained mainly from height and weight readings recorded during the clinical health
examination, and in some cases by means of a questionnaire, self-reporting and
bioimpedance (Heistaro 2008). The information on the use of lipid lowering drugs was
recorded by means of interviews in three categories: Yes, No, Not known.
4.4. Statistical analysis
The statistical analyses were performed using the IBM SPSS for Windows version 19
(SPSS Inc., Chicago, IL, USA 9). The characteristics of the study population according to
both the exposure (alcohol intake grams/week, alcohol frequency and alcohol intake over
the risk limit) and outcome (periodontal pockets during the follow-up) are given in the
tables (Table 3, 4, 5, 6 and 7).
In this study, since the outcome measures were discrete counts and their distributions were
skewed, both Poisson regression and negative binomial regression were used. These
models yield incidence rate ratios in a longitudinal study design. The log form of the
variable: number of teeth at baseline (continuous variable) was used as an offset variable.
The unadjusted and adjusted Incidence Rate Ratio (IRR) and 95% confidence interval (CI)
are presented in Tables 7 and 8.
The information on all the explanatory variables was from the baseline examination
whereas the number of teeth with deepened periodontal pockets was from the follow-up
examination. The associations between the exposure and outcome variables were adjusted
for various covariates in separate models. This strategy resulted in three models for each of
the exposure variables. Model 1 was adjusted for sociodemographic and socioeconomic
variables (age, gender and education). Model 2 was further adjusted for socio-demographic
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and socio-economic variables, the dental hygiene variable (presence of dental plaque) and
dental behavior-related variables (dental attendance pattern and tooth brushing frequency).
Model 3 included Models 1 and 2 and was further adjusted for BMI and the use of lipid-
lowering drugs. In order to overcome the problem of collinearity, the correlations between
the pairs of all  explanatory variables were explored. In this study, a Spearman’s rank co-
relation  coefficient  of  >  0.6  was  considered  to  be  strongly  correlated  (Chan  2003).  The
highest correlation coefficient found was í 0.5; this was between age and education.
4.5 Ethical considerations
The Health 2000 Survey and the Follow up study on Finnish Adults’ Oral Health had
informed consent from the study subjects. These studies had approval from the Ethical
Committee  for  Epidemiology  and  Public  Health  of  the  Hospital  District  of  Helsinki  and
Uusimaa.
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5. RESULTS
5.1 Characteristics of the study population
The basic characteristics of the study population are shown in Table 3. The study included
195 participants with a mean age of 46.6 years with more than 70% of them being females.
Around 47% of all participants had obtained higher education. Of all the study participants
more than 50% visited the dentist regularly, brushed their teeth frequently and had no
plaque on tooth surfaces.
Around 48% of the subjects consumed alcohol more than 15.8 grams/week; around 34%
consumed alcohol often, and about 22% exceeded the alcohol intake risk limit (Table 3).
Table 3: General characteristics of the study population at baseline except *the number of
teeth with periodontal pockets in the follow-up.
Variables General characteristics of
study population
Age, mean (SD)(n=195) 46.6(12.4)
Gender, %  (n=195)
  Males
  Females
27.2
72.8
Educational level, % (n=195)
  Basic
  Intermediate
  High
20.0
33.3
46.7
Number of teeth, mean (SD)(n=195) 24.1(7.4)
Number of teeth with periodontal pockets > 4 mm in
follow-up, mean (SD) (n=178) *
3.6(3.7)
BMI mean(SD) (n=195) 25.9(4.4)
Presence of dental plaque, %(n=191)
   No plaque
   Plaque on gingival margins only
   Plaque also elsewhere
56.0
39.8
4.2
Dental attendance pattern % (n=190)
   Regular check-ups 66.8
32
   No regular check-ups 33.2
Tooth brushing frequency,% (n=189)
   Twice a day or more
   Once a day
   Less frequently
70.4
26.5
3.2
Alcohol intake g/week (n=190) mean (SD) 40.4(62.8)
Alcohol intake g/week (n=190)
    0
    0.1í15.88
    15.89í50.76
    50.77+
34.7
17.4
24.7
23.2
Alcohol intake over the  risk limit (portions/one
occasion), men >7 and women > 4 (n=190)
    No
    Yes
77.9
22.1
Alcohol intake frequency (n=192)
   None
   Seldom
   Often
15.6
50.0
34.4
Use of lipid lowering drugs  (n=195)
    Yes
    No
    Not known
5.1
88.2
6.7
5.2 Explanatory variables stratified by categories of alcohol use
5.2.1 Alcohol intake gram/week
Around a third of the study participants were non-drinkers. The mean number of teeth with
periodontal pockets according to alcohol intake grams/week was 3.27 (SD=3.9) (0
grams/week), 2.5(SD=3.4) (0.1–15.88 grams/week), 3.3 (SD=3.8) (15.88–50.76
grams/week), 3.8 (SD=3.7) ( 50.76 grams/week).
There were differences in other characteristics as well. The mean age of non-drinkers was
higher compared to drinkers. More than 60% of light drinkers (0.1í15.88 gram/week) and
moderate drinkers (15.88–50.76 gram/week) had no plaque accumulation and brushed their
33
teeth twice or more times a day. The numbers of males in the heavy drinking category
50.76 grams/week) were more when compared to males in other categories of alcohol
consumption (Table 4).
Table 4: Basic characteristics of the study population at baseline; proportions/means and
their standard deviations (in parentheses) according to categories of alcohol intake
gram/week.
Variables          Alcohol intake gram/week
     0          0.1–15.88     15.88–50.76     50.76
Age, mean (SD)
(n=190)
51.08
(13.3)
42.5
(10.9)
45.2
(12.6)
43.9
(9.3)
Gender, %  (n=190)
    Males
    Females
22.7
77.3
12.1
87.9
36.2
63.8
38.6
61.4
Educational level, % (n=190)
    Basic
    Intermediate
    High
     24.2
33.3
42.4
          15.2
33.3
51.5
             17.0
34.0
48.9
        11.4
36.4
52.3
Number of teeth  , mean
(SD)(n=190)
22.5
(8.02)
24.4
(6.6)
24.9
(7.3)
26.3
(5.9)
Number of teeth with  periodontal
pockets  4 mm, mean (SD)
(n=174)
3.27
(3.9)
2.5
(3.4)
3.3
(3.8)
3.8
(3.7)
BMI mean(SD) (n=190) 27.03
(4.4)
26.0
(4.0)
24.6
(4.5)
24.9
(2.9)
Presence of dental plaque ,%
(n=190)
    No plaque
    Plaque on gingival margins only
    Plaque also elsewhere
61.9
34.9
3.2
60.6
33.3
6.1
61.7
38.3
0
43.2
47.7
9.1
34
Dental attendance pattern %
(n=185)
    Regular check-ups
    No regular check-ups
62.5
37.5
74.2
25.8
76.6
23.4
58.1
41.9
Tooth brushing frequency ,%
(n=184)
    Twice a day or more
    Once a day
    Less frequently
67.2
32.8
0
87.1
9.7
3.2
63.8
36.2
0
73.8
16.7
9.5
Alcohol intake g/week (n=190)
mean (SD)
0 10.4
(4.6)
34.1
(10.6)
130.5
(75.1)
Alcohol intake frequency (n=190)
    None
    Seldom
    Often
     45.5
54.5
0
               0
90.9
9.1
           0
44.7
55.3
0
15.9
84.1
Alcohol intake over the  risk limit
(portions/one occasion), men >7
and women >4 (n=190)
    No
    Yes
100
0
100
0
91.5
8.5
13.6
86.4
Use of lipid lowering drugs
(n=190)
    Yes
    No
    Not known
9.1
84.8
6.1
9.1
90.0
0
2.1
87.2
10.6
0
93.2
6.8
35
5.2.2 Frequency of alcohol intake
Around 50% of the participants seldom consumed alcohol while 35% consumed it often.
The mean number of teeth with periodontal pockets at the follow-up among those subjects
who never consumed alcohol was 3.3 (SD=3.6), among those who often consumed alcohol
it was 3.5 (SD=3.9), and for those who seldom consumed alcohol was 3.1 (SD=3.7). The
mean number of teeth was more in those who often consumed alcohol. Of those who often
consumed alcohol, 60% went for regular check-ups and around 73% brushed their teeth
two or more times a day (Table 5).
Table 5: Basic characteristics of the study population at baseline; proportions/means and
their standard deviations (in parentheses) according to categories of alcohol intake
frequencies.
Variables         Frequency of Alcohol intake
    None                     Often             Seldom
    (n=30)                   (n=66)           (n=96)
Age,  mean (SD)(n=192) 55.3(14.3) 43.7(9.9) 45.9(12.1)
Gender, %  (n=192)
    Males
    Females
30.0
70.0
36.4
63.6
20.8
79.2
Educational level, % (n=192)
    Basic
    Intermediate
    High
40.0
26.7
33.3
9.1
27.3
63.6
18.8
40.6
40.6
Number of teeth, mean (SD)(n=192) 19.7(8.7) 26.4(5.9) 24.1(7.2)
Number of teeth with periodontal pockets
 4 mm, mean (SD) (n=176)
3.3(3.6) 3.5(3.9) 3.1(3.7)
BMI mean(SD) (n=192) 27.4(4.0) 24.5(3.8) 26.4(4.6)
Presence of dental plaque %(n=188)
    No plaque
    Plaque on gingival margins only
    Plaque also elsewhere
55.2
37.9
6.9
53.0
40.9
6.1
60.2
37.6
2.2
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Dental attendance pattern % (n=187)
    Regular check-ups
    No regular check-ups
   44.8
55.2
60.0
40.0
78.5
21.5
Tooth brushing frequency,% (n=186)
    Twice a day or more
    Once a day
    Less frequently
65.5
34.5
0
73.4
21.9
4.7
69.9
28.0
2.2
Alcohol intake gram/week
(n=190) mean (SD)
0(0) 91.1(78.3) 17.9(29.5)
Alcohol intake gram/week (n=190)
   <0
   0.1í15.88
   15.89í50.76
50.77+
100
0
0
0
0
4.5
39.4
56.1
38.3
31.9
22.3
7.4
Alcohol intake over the risk limit
(portions/one occasion), men >7 and
women > 4 (n=192)
    No
    Yes
0
0
48.5
51.5
91.5
8.5
Use of lipid lowering drugs  (n=192)
    Yes
    No
    Not known
16.7
73.3
10.0
1.5
90.9
7.6
4.2
91.7
4.2
5.2.3 Alcohol intake over the risk limit
Around 77% of the participants did not consume alcohol beyond the risk limit.  Of these,
about 46% of the participants were highly educated and more than 50% had no plaque
accumulation. More than 60% went for regular checkups and brushed their teeth at least
two times  a  day.  The  mean number  of  teeth  with  deep  periodontal  pockets  among those
who used alcohol over the risk limit it was 3.8 (SD=3.6), whereas among those under the
risk limit was 3.1 (SD=3.8) (Table 6).
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Table 6: Basic characteristics of the study population at baseline; proportions/means and
their standard deviations (in parentheses) according to categories of alcohol intake over the
risk limit (portions/one occasion), men >7 and women > 4.
Variables Alcohol intake over the
risk limit (portions/one
occasion), men >7 and
women > 4
No Yes
(n=148)             (n=42)
Age, mean (SD)(n=190) 47.0(12.8) 44.5(10.1)
Gender, %  (n=190)
    Males
    Females
28.4
71.6
26.2
73.8
Educational level, % (n=190)
   Basic
   Intermediate
   High
18.9
34.5
46.6
14.3
33.3
52.4
Number of teeth, mean (SD)(n=190) 24.0(7.3) 25.3(7.1)
Number of  teeth with periodontal pockets  4 mm,
mean (SD) (n=174)
3.1(3.8) 3.8(3.6)
BMI mean(SD) (n=190) 25.9(4.3) 25.1(3.6)
Presence of dental plaque, %(n=187)
    No plaque
    Plaque on gingival margins only
    Plaque also elsewhere
58.6
37.9
3.4
52.4
40.5
 7.1
Dental attendance pattern % (n=185)
    Regular check-ups
    No regular check-ups
68.8
31.3
61.0
39.0
Tooth brushing frequency,% (n=184)
    Twice a day or more
    Once a day
    Less frequently
71.5
27.8
0.7
70.0
20.0
10.0
Alcohol intake g/week (n= 190) mean (SD) 14.5(18.5) 132.0(77.1)
Alcohol intake g/week(n=190)
    <0 44.6 0
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    0.1í15.88
   15.89í50.76
   50.77+
22.3
29.1
4.1
0
9.5
90.5
Alcohol intake frequency (n=190)
   None
   Seldom
   Often
20.3
58.1
21.6
0
19.0
81.0
Use of lipid lowering drugs  (n=190)
   Yes
   No
   Not known
6.8
85.8
7.4
0
97.6
2.4
5.3 Incidence of periodontitis according to explanatory variables
Around 68% (n=122) of the subjects developed periodontal pockets during the four-year
follow-up. Among them, the mean number of teeth with periodontal pockets in the follow-
up was 4.75 (SD=3.6) (Table 7). The incidence of periodontal pockets was higher among
the older subjects and males. The incidence did not differ much with the level of education
and the dental attendance pattern. All the subjects who had plaque more than marginally
and those who did not brush their teeth daily developed periodontal pockets. Around 80%
of the heavy drinkers (> 51 g/week) developed periodontal pockets. Similarly, among those
whose alcohol intake was over the risk limit, this was about 80% while among those who
often consumed alcohol it was 73% (Table 7).
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Table 7: Basic characteristics of the study population; proportions/means and their
standard deviations (in parentheses) categorized according to number of teeth with
deepened periodontal pockets (none versus 1 or more) after 4 years’ follow-up in
2004/2005 (n=178).
Variables Subjects with number of teeth with
periodontal pockets  4 mm
         None                              1 or more
        (n=56)                                (n=122)
Age, mean (SD)(n=178) 43.7 (12.7) 46.9(11.8)
Gender, %  (n=178)
    Males
    Females
        18.8
36.2
81.2
63.8
Educational level, % (n=178)
    Basic
    Intermediate
    High
33.3
25.9
34.5
66.7
74.1
65.5
Number of teeth, mean (SD)(n=178) 23(8.8) 25.07(6.3)
Number of teeth with periodontal pockets  4
mm, mean (SD) (n=178)
0 4.75(3.6)
BMI mean(SD) (n=178) 24.9(4.2) 26.2(4.4)
Presence of dental plaque, %(n=174)
   No plaque
   Plaque on gingival margins only
   Plaque also elsewhere
35.4
            24.6
   0
64.6
75.4
100
Dental attendance pattern % (n=173)
   Regular check-ups
   No regular check-ups
31.6
            30.4
68.4
69.6
Tooth brushing frequency,% (n=172)
   Twice a day or more
   Once a day
   Less frequently
33.9
28.6
   0
66.1
71.4
100
Alcohol intake gram/week (n= 174)
mean (SD)
32.5(58.9) 46.7(67.2)
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Alcohol intake gram/week
   <0
   0.1-15.88
   15.89-50.76
   50.77+
35.6
41.9
28.6
19.0
64.4
58.1
71.4
81.0
Alcohol intake over the  risk limit (portions
/one occasion), men > 7 and women > 4
(n=174)
   No
   Yes
34.3
20.0
65.7
80.0
Alcohol intake frequency (n=176)
   None
   Seldom
   Often
34.6
33.3
27.0
65.4
66.7
73.0
Use of lipid lowering drugs  (n=178)
   Yes
   No
   Not known
         62.5
        30.4
       25.0
37.5
69.6
75.0
As seen from the graph, subjects who had high intake of alcohol (g/week) developed more
periodontal pockets during the follow-up period than non-drinkers and those with less
amounts of alcohol intake (Figure 6).
Figure 6: Number of subjects with periodontal pockets according to alcohol intake gram/
week in the follow-up.
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The graph shows that subjects who had often consumed alcohol developed more
periodontal pockets during the follow-up period than non-drinkers and those who seldom
consumed alcohol (Figure 7).
Figure 7: Number of subjects with periodontal pockets according to alcohol intake
frequency in the follow-up.
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The graph shows that participants whose alcohol intake did not exceed the risk limit
developed more periodontal pockets than those who exceeded the risk limit (Figure 8).
Figure 8: Number of subjects with periodontal pockets according to alcohol intake over the
risk limit in the follow-up.
5.4 Association between alcohol use and incidence of periodontal pocketing
An overview of the univariate regression showed that alcohol intake (continuous,
categorical), frequency, or intake over the risk limit did not strongly associate with
periodontal pocketing. Regarding other determinants, it can be said that presence of plaque
more than marginally, non-daily tooth brushing, and irregular check-ups are associated
with periodontal pocketing. In both Poisson regression and negative binomial regression
analysis, the associations were fairly similar, but none of them were statistically significant
in negative binomial regression (Table 8).
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Table 8: Unadjusted incidence rate ratios (IRRs) with 95% confidence intervals (CIs) for
all explanatory variables using Poisson and negative Binomial regression.
Explanatory Variables IRR  (95% CI )
(Poisson regression)
IRR( 95% CI)
(Negative binomial
regression)
Age (continuous) 1.015 (1.008 – 1.022) 1.013 (0.999–1.028)
Gender
     Males
     Females
(ref.)
0.7 (0.6 – 0.8)
(ref.)
0.7 (0.5 – 1.0)
Educational level
     Basic
     Intermediate
     High
(ref.)
0.6 (0.4 – 0.7)
0.5 (0.4 – 0.6)
(ref.)
0.6 (0.4 – 1.0)
0.5 (0.3 – 0.8)
BMI (continuous) 1.052(1.034 – 1.070) 1.050 (1.010 – 1.092)
Presence of dental plaque , %
     No plaque
     Plaque on gingival margins only
     Plaque also elsewhere
(ref.)
1.2 (0.9 – 1.4)
2.6 (1.8 – 3.7 )
(ref.)
1.1 (0.8 – 1.6)
3.1 (1.2 – 8.0)
Dental attendance pattern %
     Regular check-ups
     No regular check-ups
(ref.)
1.3 (1.1 – 1.6)
(ref.)
1.3 (0.9 – 1.9)
Tooth brushing frequency ,%
     Twice a day or more
     Once a day
     Less frequently
(ref.)
1.3(1.1 – 1.5)
1.9(1.2 – 2.9)
(ref.)
1.4 (0.9 – 2.0)
1.9 (0.7 – 5.3)
Use of lipid lowering drugs
     Yes
     No
     Not known
(ref.)
0.5 (0.3 – 0.6)
0.4 (0.3 – 0.6)
(ref.)
0.7 (0.3 – 1.5)
0.6 (0.2 – 1.6)
Alcohol intake g/week (continuous) 1.001(1.000 – 1.002) 1.001(0.998 – 1.004)
Alcohol intake g/week
     <0
     0.1í15.88
     15.89í50.76
     50.77+
(ref.)
0.7(0.5 – 0.9)
0.9(0.7 – 1.1)
1.0(0.8 – 1.2)
(ref.)
0.7(0.4 – 1.2)
0.9(0.6 – 1.4)
1.0(0.6 – 1.6)
Alcohol use frequency
    None
    Seldom
    Often
(ref.)
0.7(0.6 – 0.9)
0.8(0.6 – 1.0)
(ref.)
0.7 (0.4 – 1.2)
0.8 (0.5 – 1.3)
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Alcohol use over the risk limit
    No
    Yes
(ref.)
1.2 (1.0 – 1.4)
(ref.)
1.1 (0.7 – 1.7)
In the adjusted regression analysis, more frequent and higher use (g/week) of alcohol was
inversely associated with periodontal pocketing. On the other hand, the use of alcohol over
the risk limit was positively associated with periodontal pocketing, but the association was
not strong enough. These associations were, however, not statistically significant. The only
exception was light drinking (0.1–15.88 g/week) which was inversely associated with
periodontal pocketing in Poisson regression analysis. According to binomial regression
analysis, the IRR’s were fairly similar with somewhat wider confidence intervals (Table 9).
Table 9: Adjusted incidence rate ratios (IRRs) with 95% confidence intervals (CIs) for
different models using Poisson and Negative Binomial regression.
Models Variables IRR (95% CI )
(Poisson
regression)
IRR (95%CI)
(Negative
binomial
regression )
Model 1
Adjusted for age, gender and
education [ number of teeth
(as offset variable )]
Alcohol intake g/week
(continuous)
1.001
(1.000í1.003)
1.001
(0.999í1.004)
Alcohol intake g/week
    <0
    0.1–15.88
    15.89–50.76
    50.77+
(ref.)
0.8(0.6–1.0)
0.9(0.7–1.1)
1.0(0.8–1.2)
(ref.)
0.7(0.4–1.3)
1.0(0.6–1.5)
1.1(0.7–1.7)
Alcohol use frequency
    None
    Seldom
    Often
(ref.)
0.8(0.7–1.1)
0.9(0.7–1.2)
(ref.)
0.8(0.4–1.3)
0.9(0.5–1.5)
Alcohol over the risk limit
    No
    Yes
(ref.)
1.2(1.0–1.4)
(ref.)
1.2(0.8–1.9)
Model 2
Adjusted for age, gender,
education, dental visits,
Alcohol intake g/week
(continuous)
1.000
(0.999í1.002)
1.000
(0.996í1.003)
Alcohol intake g/week
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plaque and  tooth brushing,
[and number of teeth (as
offset variable )]
<0
    0.1í15.88
    15.89í50.76
    50.77+
(ref.)
0.7(0.5–1.0)
0.9(0.7–1.1)
0.8(0.6–1.0)
(ref.)
0.7(0.4–1.3)
0.9(0.6–1.5)
0.8(0.5–1.4)
Alcohol use frequency
    None
    Seldom
    Often
(ref.)
0.9(0.7–1.2)
0.8(0.6–1.1)
(ref.)
0.9(0.5–1.6)
0.9(0.5–1.5)
Alcohol use over the risk
limit
    No
    Yes
(ref.)
1.0(0.8–1.3)
(ref.)
1.0(0.6–1.6)
Model 3
Adjusted for age, gender,
education, dental visits,
plaque, tooth brushing , BMI
and  use of lipid lowering
drug ; [number of teeth (as
offset variable )]
Alcohol intake g/week
(continuous)
1.001
(0.999í1.002)
1.000
(0.997í1.003)
Alcohol intake g/week
    <0
    0.1í15.88
    15.89í50.76
    50.77+
(ref.)
0.7(0.5–1.0)
0.9(0.7–1.2)
0.9(0.7–1.1)
(ref.)
0.7(0.4–1.3)
0.9(0.6–1.5)
0.9(0.5–1.5)
Alcohol use frequency
    None
    Seldom
    Often
(ref.)
0.9(0.7–1.2)
0.9(0.7–1.2)
(ref.)
0.9(0.5–1.6)
0.9(0.5–1.5)
Alcohol use over the risk
limit
     No
     Yes
(ref.)
1.1(0.9–1.3)
(ref.)
1.0(0.6–1.6)
The association between categorized alcohol intake (g/week) and incidence of number of
teeth with periodontal pockets according to adjusted Poisson and negative binomial
regression models are shown in Figure 7. The IRR’s in Model 1 show a more or less ‘U-
shaped curve’ with the lowest IRR’s among light drinkers, whereas in Models 2 and 3 the
IRR’s of periodontitis slightly deviated from that pattern. It is also seen from the graph that
the IRR’s among heavy drinkers in Models 2 and 3 are lower when compared to moderate
drinkers and non-drinkers while IRR’s of heavy drinkers is higher than light drinkers. In all
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the three models, the IRR’s of light drinkers (0.1í15.88 g/week) were found be the lowest
in both regression graphs. (Figure 9)
Figure 9: IRRs (adjusted Poisson and Negative Binomial regression) of periodontitis due to
alcohol intake gram/week (categories) in different models where IRR1- model 1 (adjusted
for age, gender and education), IRR2 –model 2 (adjusted for age, gender, education, dental
attendance pattern, plaque and tooth brushing) and IRR3 –model 3 (adjusted for age,
gender, education, dental attendance pattern, plaque, tooth brushing, BMI and use of lipid
lowering drug).
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6. DISCUSSION
6.1 Discussion of Findings
This longitudinal study aimed to assess the association of a behavioral risk factor, that is
alcohol  use  (quantity,  frequency,  and  over  the  risk  limit),  with  the  development  of
periodontal diseases. Unlike some earlier studies, the findings from this study show that
alcohol use (quantity, frequency, and over the risk limit) was not associated with increased
periodontal pocketing. Neither high nor light alcohol intake seems to be associated with
periodontal pocketing. The association of alcohol intake with periodontal pocketing
showed a  more  or  less  ‘U-shaped curve’. In this context, it must be emphasized that the
confidence intervals were wide and the results are subject to uncertainty.
In this study as in earlier studies, non-drinkers were used as a reference. Regarding alcohol
intake, the results showed that as alcohol use increases, the incidence decreases slightly to
a certain point after which it starts increasing until it reaches the baseline. In practice, this
would mean that the incidence is similar in non-drinkers and heavy drinkers. Moreover, it
was found that there was practically no association between alcohol use (frequency) and
incidence of pocketing. This finding agrees with Harris (1997) and Jansson (2008);
however these studies had certain limitations. Likewise, Shimazaki et al. (2005) reported
no harmful effect of alcohol consumption on clinical attachment loss although they found
more periodontal pockets  4 mm in those who consumed >15 gram/day of alcohol
compared to non-drinkers and light drinkers.
Further, Okamoto et al. (2006) reported no association between alcohol use and
periodontitis. The limitations of the study were the use of CPI for diagnosing periodontal
health and inadequate controlling for potential confounders in contrast to a previous
longitudinal study (Pitiphat et al. 2003). In agreement with Okamoto’s study,
Torrungruang et al. (2005) found that alcohol consumption in older Thai adults was not
associated with the severity of periodontal disease in multivariate analysis. The frequency
and amount of alcohol exposure (at least 12 drinks in 1 year) in the Torrungruang study
were  lower  than  those  of  other  studies  showing a  positive  association  (Tezal  et  al.  2001,
Tezal et al. 2004).
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Tezal et al. (2001) reported that periodontal disease was associated with alcohol intake.
The positive effect of moderate alcohol use has been reported earlier; for example,
Kongstad et al. (2008) reported higher alcohol intake (wine) to be inversely associated with
clinical periodontal attachment levels in men but not in women. Likewise, Bouchard et al.
(2006) found a greater risk of severe clinical attachment loss (CAL  5 mm) among non-
drinkers and regular drinkers than occasional drinkers.
In  the  present  study,  plaque  was  found  to  be  significantly  associated  with  periodontal
pocketing, and plaque was therefore used as a confounder in multivariate regression
analysis. Sakki et al. (1995) reported that alcohol use almost doubles the periodontitis risk.
However,  they  did  not  use  dental  plaque  as  a  potential  confounder.  Additionally,  they
included older participants, who are thought to be prone to periodontal health problems.
These may have biased their study. Nishida et al. (2004) estimated the periodontitis risk to
be about two folds in heterozygous ALDH2 genotypes who consumed > 33 g/day of
alcohol. That study was limited by the use of tooth brushing frequency as a proxy measure
of oral hygiene, suggesting a possibility for residual confounding
Residual confounding is also the most likely explanation in Shizukuishi et al. (1998)
results, who reported a daily alcohol intake of 60 gram per day or more increased the risk
of periodontitis to 1.5 times. The conflicting finding may be a result of calculus being used
as a proxy indicator for oral hygiene as well as a lack of controlling of confounding factors
by multivariate models.
There are studies where dose-response associations between alcohol use and periodontal
diseases have also been explored. Pitiphat et al. (2003) showed alcohol consumption to
have a positive association with periodontitis, irrespective of the type of beverage.
Although that study had a long follow-up period, self-reported periodontal status can be
considered a limitation. CAL has been associated with the number of alcoholic drinks in a
dose-dependent fashion (Tezal et al. 2001, Tezal et al. 2004). This exposure-response
association between alcohol intake and CAL is supported by findings from an experimental
study, which reported a dose-dependent effect of alcohol intake on alveolar bone loss in
ligature-induced periodontitis female rats (Souza et al. 2009). The shortcomings of the
above-mentioned studies was that the alcohol use measures were self-reported.
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The current study did not find any significant association between alcohol intake frequency
and periodontal pocketing. The IRR’s were lower in those who consumed alcohol seldom
or often compared to those who never consumed it.  In agreement with this, Torrungruang
et al. (2005) reported alcohol consumption frequency does not increase/decrease the
severity of periodontal disease. Alcohol drinking habits in the elderly were reported to
have no association with further increase in attachment loss despite the fact that they did
not use plaque as a confounder (Ogawa et al. 2002).  In contrast, a study by Lages et al.
(2012) reported the frequency of alcohol intake as a risk factor for periodontitis. The
disadvantage  of  that  study  was  its  cross-sectional  study  design;  on  the  other  hand,  the
assessment of periodontitis and alcohol use was better than most of the other studies.
In the present study, alcohol use over the risk limit  and periodontitis  incidence were also
studied.  The  association  of  alcohol  use  over  the  risk  limit  and  periodontitis  has  not  been
investigated earlier while alcohol dependence has been studied. Sarfati et al. (2010), found
that alcohol consumption was not related to gingival marginal recession. They also stated
that both gingival recession and periodontitis share common risk factors. In contrast,
Khocht et al. (2003) reported that an increased gingival recession leads to attachment loss
in alcohol-dependent patients but not in non–alcoholics. They reported that plaque
increases the gingival marginal recession, increasing pocket depths. In agreement with
Khocht, a significant association of alcohol dependence was reported with loss of clinical
attachment  and  pocket  depth  (Amaral  et  al.  2008)  and  with  the  amount  of  calculus  and
horizontal bone loss (Enberg et al. 2001).  Alcohol dependence was found to increase the
prevalence and severity of periodontitis; alcohol and smoking jointly almost doubled the
risk of periodontitis, indicating the importance of behavioral risk factors in this association
(Lages et al. 2012). On the contrary, Tezal et al.(2001) reported no significant joint effect
of the smoking and alcohol on periodontitis.
These conflicting results can to a large extent be attributed to methodological issues such
as small sample size (Enberg et al. 2001, Khocht et al. 2003, Amaral et al 2008), different
alcohol use measures (Torrungruang et al. 2005, Bouchard et al. 2006, Jansson 2008) and
varied  definitions  of  periodontitis  as  well  as  the  differences  in  the  controlling  of
confounders (Shizukuishi et al. 1998, Okamoto et al. 2006).
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6.1.1 Methodological considerations
The present study derives its data from a nationally representative sample of 8,028 Finnish
adults. Of these, 5,200 participants went in for a full-mouth probing pocket depth
examination. The original Health 2000 data set used was large; this made it possible to
apply several restrictions. Study subjects were restricted to non-diabetic, non-rheumatic
and non-smoking, contributing to the validity of the present study. On the other hand, these
restrictions resulted in a small sample size and a low-risk population, reducing the
possibility of studying the combined effect of risk factors. The small sample size could
also have led to inconsistent risk estimates with wider confidence intervals; it has also
reduced the statistical power of the study.
The final study sample included more women and highly educated participants; this may
have affected the results if gender and education are true modifiers indeed in the
association between alcohol use and periodontal pocketing. However, there is no strong
evidence that supports the conception that the effect of alcohol is essentially modified by
gender. But Kranzler and co-workers (1990) reported an association between periodontitis
and alcoholism in males but not among females. With regard to the present study, the
baseline information on alcohol intake over the risk limit does take into account the gender
differences  (that  is  risk  limit  for  men,  it  was  >  7  portions  and  for  women,  it  was  >  4
portions). Likewise, there is no strong evidence to show that this association is dependent
on socioeconomic status.
The longitudinal study design is usually used to study causal associations between chronic
diseases and exposures and to assure the temporal sequence between the exposure and
outcome. As periodontitis develops over a time period, the present study investigated the
association between alcohol use and the destruction of the periodontium eventually leading
to periodontitis.
In the present study, the selection bias in the original Health 2000 survey is minimal due to
the  inclusion  of  a  study  population  most  likely  to  be  representative  (owing  to  the  cluster
sample design of the Health 2000 survey) and a high participation rate of 79% (Aromaa &
Koskinen 2004). However, in order to reduce the confounding in the present study,
restrictions  of  potential  risk  factors  for  periodontitis  such  as  smoking,  diabetes  and
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rheumatoid arthritis, were done before arriving at the final sample size. This may have
compromised the representativeness of the present study population, an unavoidable
feature of epidemiological studies exploring causal associations.
The information on alcohol use was based on a questionnaire. There is often under-
reporting of alcohol intake by participants due to the concept of social desirability; the
reliability of self-reported alcohol intake is questionable. Another limitation was that the
alcohol intake was assessed only in the baseline; being a behavioral risk factor, alcohol
intake may have changed over the years. The present study assessed the alcohol intake in
three dimensions (quantity, frequency, and intake over the risk limit); it did not assess the
type of alcohol beverage. On the other hand, the finding that none of the variables was
associated with increased risk of pocketing supports the credibility of the results.
Periodontitis has been defined using different parameters in several published studies. In
this study, periodontal condition was measured by the number of teeth with pockets of 4
mm deep or more; this measure is often used as a cut-off for pathological pocket depth
(Page & Eke 2007). Periodontal condition was assessed based on the measurement of
periodontal pocket depth in four sites with only the deepest pockets being considered. This
may have underestimated the actual extent of periodontal disease. Another limitation of the
periodontal measurements was that the present study expressed periodontitis in terms of
only one parameter, periodontal pocket depth. On the other hand, pocket formation can be
considered as an initial phase in the disease process. Past studies have used various
measurements such as pocket depth (Nishida et al. 2004, Shimazaki et al. 2005) and
community periodontal index (Shizukuishi et al. 1998), clinical attachment loss (CAL)
(Tezal et al. 2001, Tezal et al. 2004), bleeding on probing (Tezal et al. 2001), and alveolar
bone loss (Lages et al. 2012). It could be noted that the measurement of periodontal pocket
depth indicates the current state while the use of CAL refers to disease history, suggesting
that pocket formation may be a more suitable measurement than CAL at least in studies
with short follow-up periods.
In the current study, the inter-examiner agreement for pocket measurements in the baseline
examination was moderate, indicating measurement bias. However, a clinical oral
examination in the follow-up performed by one dentist minimized registration errors, thus
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improving the validity.  In addition, the number of teeth with deepened pocket depth was
used as a continuous variable to minimize the chance of misclassification. As a true
follow-up study which always assesses the incidence, this study could not assess the
periodontal disease progression.
In  this  study,  confounding  was  dealt  with  prior  restrictions  (diabetics,  smokers  and
rheumatics) and using potential confounders as covariates in multivariate regression
models. Of course, there might be chances of some residual confounding that could be
related to unknown confounding factors as well as poor categorization of the confounders
used.
The outcome measure was a count data, and majority of the participants did not develop
new periodontal pockets after the follow-up. This large number indicated over-dispersion,
which is why both Poisson regression and negative binomial regression were performed.
There were no essential differences in the risk estimates obtained from Poisson regression
models compared to those obtained from negative binomial regression models; however
Poisson regression produced narrow confidence intervals, suggesting over-dispersion.
6.1.2 Potential explanations
Previous studies have explained how alcohol intake can have an effect on periodontal
health. A cross-sectional study reported that moderate drinkers (beer, wine, and spirits) had
lower levels of white blood cells and inflammatory markers including fibrinogen and C-
reactive protein than non-drinkers or heavy drinkers (Imhof et al. 2004). Signoretto et al.
(2010) compared the effect of drinking habits on oral microbiota and reported that coffee
or red wine consumption for at least two years reduces the frequency of anaerobes in
supra-gingival and sub-gingival plaque samples compared to water consumption.
Moreover, studies have shown that the natural constituents of food and drinks can have an
anti-adhesive effect and an anti-biofilm activity. The protective effect of wine could be
attributed to non-alcoholic substances such as flavonoids and resveratrol and antioxidants
(Signoretto  et  al.  2009,  Daglia  et  al.  2010).  Lastly,  the  antimicrobial  action  of  alcohol
cannot be neglected. Thus, minimal amounts of alcohol and wine consumption
accompanied by good oral hygiene could have a beneficial effect.  This hypothesis is in
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line with a study which reported less attachment loss in alcoholics who had access to
professional dental care when compared to those who did not have access to professional
dental care (Khocht et al. 2009).
It is possible that the association is due to the confounding related to the drinking habit,
this explanation is supported by the fact that high amounts of alcohol are consumed by
only  a  smaller  fraction  of  the  population  (only  23%  of  the  participants  were  heavy
drinkers). More than 50% of those who had often consumed alcohol were highly educated,
had no plaque accumulation, visited the dentist regularly and brushed their teeth at least
two times a day.
6.2 Strengths and limitations
The longitudinal study design is the major strength of this study. The restrictions before
arriving at the final sample size took care of the validity element, but the small sample size
might have affected the results. The other strengths include measurement of alcohol intake
using three variables; the amount of alcohol intake was used as both a categorical and a
continuous variable, thus reducing the chances of misclassification. The assessment of
alcohol use may have led to some information bias, and additionally, the type of beverage
was not included. Although only one parameter, periodontal pocket depth (in most cases, a
sign  of  chronic  periodontitis),  was  assessed,  the  clinical  examination  by  only  one  dentist
during the follow-up would have minimized registration errors.
6.3 Implications for future research and practice
There is still a need for more longitudinal studies of high methodological vigor, with
special emphasis on the proper handling of confounding factors. Alcohol assessment tools
needs to be further improved including different dimensions such as frequency, amount,
type, and timing. Future studies need to consider more than one parameter to measure
periodontal condition. Also, future studies should aim to recruit more subjects to increase
the sample size. There should be studies exploring incidence as it is important to look into
both new cases and progression in existing periodontitis cases.
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Future studies exploring the causal pathway are warranted. Studies needs to explore the
effect of alcohol consumption on the oral microbial profile and plaque, which are primary
etiological agents for periodontitis.
Owing to the harmful effects of alcohol intake on health, the dentists should encourage
patient to abstain from drinking. Alcohol prevention strategies at the grass-roots level
should be promoted and executed. Nonetheless, the findings from the present study may
suggest that a reasonable amount of alcohol in alcoholic products such as mouth rinses
could be safely used.
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7. CONCLUSION
This study aimed to investigate the association between alcohol use and the development
of periodontal diseases in a longitudinal setting. Alcohol use was not significantly
associated with increased incidence of periodontal pocketing in this low-risk population.
The current study contributes to our understanding of this association. The findings are in
line with those of some previous studies showing that alcohol use is  not a risk factor for
periodontal health. However, the results have to be interpreted cautiously owing to the
small sample size. There is a great need for longitudinal studies with longer follow-up
periods with better assessment of alcohol use and periodontitis, and larger sample sizes to
draw more definite conclusions about the role of alcohol in periodontal disease
development.
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